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‘I’l Ic l,illkcd \Vitldows  IIltcractivc l)ala SysLc IIl (lJll]k\\Jil]ds) is  a  ]IIototyl Ir vis~lill
d a t a  cx])loratiol) systc III rcsul(,il]g  froltl a iNASA/.ll’l, lJIOp,IaIII of Icsearcl I ill(c) a])-
l,lyitlp,~ral,llical lndllods for Ia], icllyacccssillF,, disl)layill F, alId  atlalyzitlp,  lar:,c llIul -
tivtiriatc ltltllti{lisc.il)lillary  data sets. l{ullnitlp,  (Illdcr  UNIX, i t  is a] I i)ltc~,ratcd
IJlllltfi-a])])licatic)li  cxec.uting  clivirollltlcllt usitlg a {lata-]ill]iillF,  ]Jaradip,lll  to dyllal II-
ically illtjcrccrlll)wt  alId cc)llbol  IIlultil]lc willcloJvs co)llaillillg  a v a r i e t y  o f  dis])lays
aIId Iltallil)ulato]s. ‘J’llis ]~aradig,ln,  rcsulli)lg ill a systcIII  l]luc}l like a p,rti])ljical
s])rcacisllcct, is IIot oIIly a I)owcrful  ll-ICtl ICd for  olgatlizill,p,  lar~,c al IIoun[s  of dat, a
fc)rllllalysis,l)llt lcacls toa IIip;llly itlt[litivc, c:tsy-tc)  Icarll  USCI illtclfacc, I( I)lovidcs
g r e a t  flcxil)ility ill ra])idly illtcractill~ }vit]l  ]argc Illasscsclfcc)lll])]cx d a t a  todctcct
trcllds, correlatiol]s slid aliolllalics. ‘J’l Ic systcIII, col)taillill~,  aII cxl)allditlg  s~litc o f
]Io]l-do]naill  s])ccific. aI)])lic.aLiolls,  ])mvidcs for tlIc  ingestion c)f a variety of da Lal)asc
forlllzrts,  and liarcl co])y c)ut],u(, c,f all dis])lays, ltcl IIotc  Ilctwc)rkcd  works~atioljs
rulllling lJink  Willcls  Inay h illtcrcc)llllcc~ccl,  l)rovidillp,  a hful~i-llser ,Sc.ictlc.c l’; llvi -
rc~lil]lcllt  (M US I’;) for collal)c)riitivc data cx])lc)ratioll  I)y a distril)ut,  cd scic]lcc  kal II.
‘1’]Ic systcln is l~ci~}gclcvc.lo]d  i}) C]C)SC  ccd]aboratioll with illl’cstig;atc)rs  ill a v a r i e t y
of  scicllcc disc. iplillcs using botl I arcl]ived aIId real- t i t l lc  data ,  It is currcrl(ly l)cillF,
USCCI  tcI sul)])ort,  t,lIc hficro~vavc  ],i]])b  Soulldcr  (A41,S)  ill orl)it al)oarcl  lIAI{S, ‘J’l IC
a])l)]icatioll of ],illkWillds to t,llis data to ra])id].y d e t e c t  f e a t u r e s  SUCII a.< tllc OZOIIC
llolcccltlfiguratiot], atldtoallalyYjc c{)l Iclatic,lls l~ctjtcc]l  cllcll)ical cc)llstit~lclltso ftl)c
atlllosl)licrc will bc clcscribcd.

l{ccc]It  aclvallccs ill rclllotc scl}sirlg  ca])abilitics allcl coln])utatiollal ])owcr  a r c  ])rovidillg uli])rcccdctlt,cd al)ility t,o
s~ucly o u r  world. ‘J’IICSC  illll~rcwc)l)cllt,s  a r c  a l s o  l~mduc.illg  arl ever illcrcasiflg flood  of da~,a wllic,)l ~llust bc gat,lIcId,
tra~lsj)ortccl, slorcd, and a]lalyzcd t o  b e  fu]]y  uti]izcc],  ‘1’his ])al)cr  rcl)orts OH a systcIn ca])a},]c  O f  facilitati)lg t]Ic
ral)id visual al)a]ysis of large IIlasscs  of data, and cliscusscs  its a])]) licatiol) to u])]]cr  atrnosl)l]cric  scic~lcc.  ‘J’llissys(cIn
grew  C)UL c)fa N A S A  ])rojcxt at tllc Jct l’rcq)ulsiotl  l,al)oratc)ry  tc)s[udy tllc a],~,licatioll ofco~nl)ui,cr gral}llics  tot,llc
]>rol)lcllls  o f  quic,k]y  and illt,crac.tivc]y  cxl)]c~rillg and alla]yzil!g VCIy ]argc all~oullt,sof  scicllLific. data. ‘]’]Ic c)]~jcctivcs

of t}ic ])rogralll a r c  ( ] )  to C1CVC1O]I asoftwarc cllvirolil)lcllt m’llic]l will slll~])ort, tlIC ral~id l)roLoty})illg  c)f visua] d a t a
a]lalysis a[)l)lic.ritio]ls, wlli]c  at  tlIc sallie tilllc IIlail)taillillg  t,llc Iligll lcvd c)f I)crfortnalicc  Ilcccssary f o r  illtcrac,tivdy
Iliarlil)ulatitlg  gra])llical disl)lays; (2) to dcvclo]I  a  u s e r  intcrfac.c that is truly illl,llit,ivc,  allc~J~illg q~lic~ aCCCW to t]Ic
sof tware  for  t]lc ]Iovicc  as l;,cl] as t]lc  aclvallccd  user; (3)  to ])rol,i(lc  a suite of salll])]c a],])]icatiolls ~,],icll  arc uscfu]

across a variety of sc.icn]tiflc disc. i]~lillw.; aIIcl (4) to ])rovidc tcm]s to s~ll)l)ort  Ilscr clcvc,]c~l,l,lcl)t of a],],]ic,at,iolls  for t]lis
cllviro)lll]mlt.

2?. 1,1 NK\YINl)S

‘J’IIc l,irlkccl  Windows IIltcrac.tive l)ata Systcnn,  o r  l,illkWillds, i s  a  I)rototyl)c  l)rocluct  c)f t h i s  rcscarcll cfloI-t. III
Colrl])liallcc  ~~’it,ll tllc rcscarc.11 oijjcctivm, I,i Ilk\$rillcls,  al) itlt.cgrat,d llltllt, i-a])  ])]ic.at, i~)ll cx~c~lti(~li {.llI,ir{,llJlltlll  I,. II II



fu]l ~,ra],]lica]  USCI il~tclfacc  (~; u]), i s  a  \Jisua]  d a t a  a}ia]ysis  aIId rxl,]oratioll  sys(c]n dcsigtlc’d to Ia],idly a!ld illl,cr.
ac(ivc]y illvcstigatc ]arp,c IIlultiva]iatc aIId Illlllticlisci])liliaty  data sck (0 dckct trrl]ds, co[lclatiol)s slid alloltlalics.

‘Jllc  systcIII, o]wr’atilw  ulidc’r UNIX, is l)a-wd on all ol)jcct-c~l”iellte(l  t~r’wallllllillg II~od~l  al~d is il~ll)lc’lllc’lltcd ill t]lc’ C
laII:,ua~,c.  I( dIaws UI)C)II tlIC Silico]l  (Jral>llic+  IIIc. (S(:1) CJlt lil)raly f(’r ils (:UI and F,lal)lli~s  s~ll’l)olt  s~f~I~arc atlcl
l,rcwlltly IUIIS  oll]y  otl worlisLatiolls sul)])o)ti])~,  t h i s  lil)rary. ‘1’llis il~cludcs  all SG1 wor!istatio]ls,  and tllosc of  Ot,]lcr

r[):illllfact.llrcls  w h o  lIavc Iiccllscd  atld  su])l)ott t,llc (;1, lil)rary. ‘J’llil d l)at (y softlvalc alId  tllc advcrlt o f  OI)CII  G], M

a st, aIIdzi Id gla]]llics  ]il)rary will greatly inclcaw tllc ])c)rtal)ility of lJillli\frilldS ill tllc l)rar f u t u r e .

l)ata sets aIId i n d i v i d u a l  t o o l s  for disl)lay or control of tllc data alc coded :~s ~Jl)jc’cts, ~acl~ oc~~ll)yiw  a lvindow  011
t]lc  ],il!k\\’illds SC IC’CII, atld Cc)lllllillllic:itillp,  )\’i(]) Ot]lcr  ()])jcck tlllollgll a  lllcssap,c  l)assill~, ])rotoco].  ‘]’]Ic ol)jc!c.ts 0 1
lvilldows  caIi I)c lilllid or Ulllillli Cd a~ tllc discrc~ioli of tllc u s e r .  Ilillkitlg tll~ willclc)~vs  sets l]]) oll~-\v:lY Ilmsagc I)atlls
I)ctivccli  ol~jccts.  ‘1’l~is data-l illliillp, I,aradir,lli lll{ili(>$  (Ilc Systclll  ])rl fc)rILl lII[lCI) l i k e  a gra])liics S])lcadsllcct, RIId as ill
a sl)rcadsllcct)  is a ])owclf(lt  w a y  c)for:,alli~illr, tllc da(a for all filysis  wllilc t~lovidill:,  a Il:ltlllal Zilld illtuitiw illtcrfacc.
l)atwlitlkil)r,, alI(l it.< lIscr  il)tcrfacc itlll)lica(iolls, a](~ disc  llwwd 11( ’lolv.

Mcwgcs gc]luatcd  I)y Ijil)li\Yillds ol)jccts  aIc  IccoIdcd as I~mp)ralII slatclllcilts ill all ulld~rlyilw lallp,lla:,c  cal led IlytIX.
‘J’IIc II ICSSIi:;($  l)msil]p, c]iartrclcrislics aIc tllc ]):wis f o r  (u’c) kcy I,illli\f’i])(ls f(ltlctio]ls. ‘1’l]c filst is tlIr I[lailltc]lallcc o f

al) illtcrllal jourl)al of al) user ori F,illatd co]I]II]alIds  cxcc  IItd I)y tl)c el)vironll)cllt. ‘1’llis fIlc call  I)c sal’cd at, al)y (IIIIC

t,li Ioup,lI a mcilu o])(ioll.  ‘1’IIc r e c o r d  call  tllcll I)c rc],laycd at LIIC itlitiatioll ofsulxmqucl]t, l,itlk\Villds scssiol]s,  allow illp,
Llle user to draw UIJOII a ljrevious  layout, of IJillklt’illds a])]] licatjio)ls  alJd Ii]l!is,  or rcq)cat  a full  analysis scssiml.

‘J’l,c scco],  d fullc{iol,  l)ascd  u])c,lI  tl,c l,yl,x I, Icssagc I)assil,g l)rotocot is tl,c Alulti-llscl. Scictlcc  l;llvirolllllrllt (hl USl;),
w]licll I)rovidcs  a IIlct,]lod for  lllu]Li])]c ],ill]:\\rillds systc]lls to collllllul]icatc v ia  Ilctworks. Usitlg  II]ct Iu o])tiol]s,  users
rcljlolcly sc])aratcd call collllcct to  OIIC allot l]cr, HIId l~y a l s o  cstril~lisllill~  a tclc])llc)llc  Iwicc  collllrctiollj  call coo]Jer:i-

tivcly v i e w  a]ld  IIlallil)ulatc tl]cil  data. A s~lcccssful  collllcc~iolt  requirw t.])at cacll user  Ijc cxccutillF;  l,illli\3’i  Ilds ii])(l

t h a t  cac.11 IIas access to tllc data sets hcing aIIaly7ml. ‘J’llis is ]IorInally arranp;cd I)y tral]s])orting tllc d a t a  sets ])rior
to l}IC collal)c)rativr scssioli. ]kcause cmly LIIc lnessap,cs  are scl It , al)d  Ilot t]]c  actua] d a t a , a vcr<y low I)alldwidtll is
rcquirccl, IIlakillg for quick  allcl Cflicimlt cc)]i]lli~lllica(ic]ll. ‘1’IIc hfUSII;  ca],  al)ility is also used to give tutc~rials  over tlIc
]lcLwork  to IICW u s e r s  slid to allow  u s e r s  t o  dclllollstratc rccc)lll]ilellclatic)lls  fc)r aI)])licatioll cllallgcs or to I)oint  out,
)1[1:,s.

]Iard co])y c)f tile l,ilikWi]lds disl)lays arc ])rovidcd l~y fullctic)li  keys  o]) the  kcyl)oard. I’lacill F, tllc cursor ill a window
alId ]~rcssillg  1,’1 I)roduccs an illlagc of  a  window’s  cc)lltc]lts;  ])rcssillg 1)2 s a w s  tllc colll])lcte wil)dmv  atld  flalllc; 1;+ 11(
1“3 sa\’cs  tllc full  Sclccll. ‘1’]Ic fi~ures s] Io\vII w e r e  oblail)cd ill t,}lis ]Ila]ll]cr.

3. l)ArJ’A-lrl  Nl{l NG ANI) ‘J’II II; 11 S1;1{ IN’J’11:1{11’ACII;

II! addi t ion  to  t]lc  llorl[la] G U I  fullcticnls ])rovidcd I,y Ll]c witldou!ing cll\irc,llrl\c.l~t,  dyI\alnic  Ilia]ii],ulatioll  of gral,lls
allcl itllagcx is f’acilitatcd tllrc)ugll  tllc d a t a - l i n k i n g  ~)aracligttl. l)a[fi-lillkillF, call I)r ulldcrstoc)d ill tllc corltcwt  o f  a
sl~rcads]lcct,,  w]lcrc C.C]IS collt,aillil)g  IIulll})crs  arc lillkcd tc) ot,l}er CCIIS. IJorlllulac are a s s o c .  iatcd with cacl  I ccl], so LIIat
WlICII a ]lult]l~cr  clla]lp,cs,  all cells linked to t,lle c.llallgcd  cell  rcc.alc(llat,c  tllcir value.s. l,illlil~~illds  does the sa]ne tllilig,
hut i] I a F;ra])liics  cnvirolllnclit w]}crc tlIc r i g i d  g r i d  s(ructurc gives  way  to f r e e  forlll, and a cdl call trallslatc, f o r
itlsta]lcc,  into sliders or large scale ]Iu]obcr arrays sucl  I as illlagcs.

“J’llis data-lillliill~ ])aradigln is OIIC of tllc IIIOS( clist,i)l:,ltisllillg  fca(, rlrcs  of ],illl<~l~itl(ls, and CVOIJFC(I frc,lll a  d e s i r e  t,o
create a truly easy-t,c)-lcar]l a]ld  illtclitivc user iiltcrfacc, A  F,uidil]g  I)lillcil)lc i s  that. usms  aw illll)at,iellt al]d wal]t
to get s t a r t e d  OIL ]]roductiw wc~rfi as  quick]y as ])ossil>)c. l,argc lllaJIUd]S 011]~ d i s c o u r a g e  t,],c’,,, [M, lic’l,t,ip,, 1991],
‘J’llercforc,  all intcrfacc w a s  IIccdcd  W]licll call ])c’ ]Cartlcd  l)y cx])]oratiolll  and ]$’]lic.]) C()]lforlll$ to exl~cct,at,iolls  a s  L]IC
user  works.

1 )ata-litlkillg is afkxtcd Lllrougll  two icons. ‘J’lIc lillli  icon  is  a IJU{LO]I dis])layil]g t w o  illtcrlockillg rings, while t}lc
ulllillk ic.oll disl)lays  two rings tliat a r c  scl)aratcd. ol.ljccts o]] tl)c screml  ]nay ]Iavc  a sillglc ]iilk l)tl(,t,oll, t,llc full  s e t
clf ]il)k a~ld ulllillk buttons, c)r 110 bllttolls. ‘1’lIC ])rmcllcc of a sil],glc link but,toll illdicatc.s a  data ot)jcc(,,  w,]li]c tllc
]~rcscllcc  c)f tlic ])air indicates applications with control fu]lc.iiol]s,  A wi]ldmv  wit]l ]10 buttons is ari application with
c~]jly dis])lay c.aJ)al}ilitics. ‘J’o Imrforll)  a l ink ,  t])c cursor is Illaccd 011 tlic a])])ro])riatc I)utto]l, and a  “ r u b b e r  bal]d’)
i s  d r a g g e d  out a]ld  c]ro])pcd  into the  a])])lic.atioll  to bc ]il)kcd.  ‘J’o ]Jrcak  t]lc ]i~lk, tllC sal[lc t]lillg is dollc ~lsillg t]lc
ulllillk  buttcnl. ‘1’IIc r u b b e r  l)allds sig!lifyillg  t.llc links IIlay  I)c cit, ]l{,r cc)lltillllolls]Y  disl)]:tl,(.(] (~1 ]Ii(ldcll tllllillp  { i,



.



.

CIIIIe IIt]y ill orllit {il)oaId  t]lc  LJ1)])cI  AtIIIOSIJIICIC  lksea Icl I ,Sa(ellit.c  (LJAI{,S) [\\J:itc Is C( a l . , 19$)3).  ‘1’l]is data is tlllcc

dilllcnsiollal, wi(lk Lllc ccmccu(ratiou  of various cl)cmical  ccmstituml(s  Varyillp,  I!’itl) la(i~~l(l~, loll~,itlldc, alId  ]JICSSUIC,

‘1’IIc itlsLtul]]ellt  IIas sctlsitivity o v e r  tl]c  raIIF,e fto]n 100 I]lillil)als (1)11)) t o  .1 1]11~. A  I,c!{ <Ifita SCL is col]cctccl  daily;

tllc data sltowt]  IIcrc  is frc)rtl day b(i of tllc IIlissioll, ~vhicll is day 310 o f  1991 .

‘]’]Ic ],illlilf]illds t,ol)-lcvc]  lIiclIu  al~[)cars  ill tllc ccl)kr ICft Of tllc (ig(llc. ]’]0]11  tltis II]c]la tllc dat:il, ascs, too]s al)~l

systclll oljtiolls alc sclcctcd. llata Ol)j CCLs, w,itll tllcir sitlp,lc Iillk l)uttol~s, are j u s t  at~ovc tllc Illcllll.  11) tl~is case,

tllc da[a disl~laycd  arc cwollc alicl w a t e r  val)or. ‘J’IIc ~~’illdow c’lltitlcd  lI]laF,cl  contains a s l ice of tllc OZCIIIC  dnta at a

IIICWLI1(  of 21 .W1 IIilJaIs,  as sclcctcd I)y Sl ider] ,  wllicl]  is lil)kcd  to it. Slidcrl is tilso lilll:c~l (o IIlla?,c?,  lrllicli S]IOWS  tllc
q.

}vatct - va]jof  [it tllc salnc j)rcssurc. . I{lcrl ])CIIIIIM tllc IIscl to stall tl~~ fllll (I:lta  s e t  flolll  tll~ Inaxllllulll t o  I)iiliitlll}]ll
a]t,itrl<~c.s. ‘J’l IC USC] catl  a]so  sivit,cll t o  atly  o f  tllc Illrcc ortllo~,o]lal  a x e s  a]ld  sil]]ilal]y stall LIIcII). ‘J’l Ic HIIIOUII(,  of

racll collsLilllcllt is give]) Ijy color, as indica ted  O]J tllc color  I)ars  at tllc I)otto]tl of tllc li]lag,cs, wi(ll  rd detiotill~,  lli~,ll
.

c<lllcell(l’ atloll  a n d  ]I]UC ]O\V. (~lC~ llldl C:lt(’S 1111 SSlll/, d[it:i, \V]l C1’C hl],s C(lllld  11[1( lllra Sill C d\l C tO (IIC Oll)it?l]  ]) O<i{ic)]l,
. ,

oliclltatio]l al]d sctlsil)p, rirrlgc  of [l Al{S.

‘J’IIc sc~utl~cril Ilclllisl,licrc OM)IIC I]o]c is clearly SCC)J  at tl~c lower  Irfl  o f  ]]lla~,c]  , a]ld a IIi:,ll value of LIIC  water va])or

is  SC<,I] ill tllc corre.sl)cjl]dillg  loca(ioll of IItlagc?. ‘J’l]is allticorrclatiol) i s  r e a d i l y  visil)lc ill Scattxrl , Jvl]clc  tllc ])oi]lts
SIIOWIL COIILC  fmrli tllc rc:;io]l  dcfirlcd  IJY a l~ou]]di]l~; I)ox colltro] ctul)[ddd  ill lInap,c  aIId lill!id to S c a t  tcrl. ‘J’llis IIox,
visil~lc ill tllc ]owcr  left of lIIIag,cl  , cal I bc rcsizd or lI)ovcd as dcsi] cd. 1’01  every ]Joillt il)sidc  t h i s  I)ox, Scatter] ]I]ots
tlIc  OZOIIC  v e r t i c a l l y  v e r s u s  w a t e r  va]m Ilorizolltally.  III lIIC text I)OX of Sc.attcrl , statistical quantities associ:itcd

with tllc scattcrcd d a t a  a r c  givctl. of Imrticular Jlc)te is tlIc  clcmlIcss of tlIc corwlatioil  cocflicicl)t  to - 1, illdicatin~,
IIip,ll litlcar allticorrclatioll.  Ot,llcr  il)forlnatio]l  s u c h  as third alId fo~lrth  IIlolllcllts, Iillcar hcst fit data of tl, c scatter,
tl[c  llul[~l)cr of ]Ioilits scattcrd, aIId tlIc c l l i - squared value  lIlay  Iw sclcctcd frolll tllc Scatter lIICIIU. ‘l’IIc fllll r:ill~,c of
s tat is t ical  illforlllatiou II)ay I)c s:ivcd  to a file via a l)ut toll.

‘J}wo otllcr aj)l)lic.atiolls disl)lay data  alo)lp, OIIC dilnctlsioll.  1]) tl]c  l o w e r  ccllter of l’ip,urc  1, ljirlc}’lc,tl  disl,lays  ozolic
collccllt,ratioll as a furlctioll of I)rcssurc. ‘J’l]c lc~catioll  ill ]ati Ludc atld  loll~titudc of this I)]ot is colltro]lcd ])y llna~cl,
wllictl  ]Ias I)ccll lillkccl into IJillcl’lot]. ‘1’l]c grccll I,lot, cc)rrcsl,oacls  h tllc floml~  crossl]air at tlic ccl~ter  of llua~,cl  ,
w]lilc  t h e  wllitc ])lot,  corrcs]]oncls  to tllc rcd c.rcm]lair aIId is illstztl}t.a)lec)~lsly ul)datecl as tllc cross]lair is II]ovcd.  ‘J’l]c
]tILIClI Iom’cr wl~iLc va~ucs rctkct tl~c JJaucity  o f  cwonc  iuside  t])c \Ic~!e. ‘J’IIc ]’rofi]r’ a]]]~]icatioll  to t)lc’ ]cft o f  ],itlc]’]ot]
SIIOWS OZOIIC  cc))lcc)ltrat.ic~ll alol Ig tllc cyan lillc ill tllc. s l i c e  o f  IIl)agcl ‘J’]lis ]illc  ]Ilay  I)c illlcrrictivc]y u])dahxl.  ‘J’IIc
currclit ]’rofllc  Iil)e starls in  tlIc cmuc hc)]c, g o e s  througli aII OZOIIC  r i c h  rcgio)l ,  aIId cIIds hack ill t]Ic ]IOIC. ‘J’l~is
is rcflcctcd bot,]l ill t,llc colors of lIIIagcl as W C]] as the Ilcip,llt c)f tl]e  curve c}f l’rofilc] , I)rovidiup;  a diffcrcllt way  of
vis~la]izillg  tllc data.

])cctrusc  t]lis d a t a  S e t  i s  :;]ol)a],  ]“i~UrC ~ S]IQWS t]lc OZOIIC data diSJ)]ayCd ill (J]cll)c]  as hotll a Co]c)r arid  ]Ic’ipj)t  field
rcl)dclcd 011 a sl)]lcrc. ‘1’lIc OZOIIC ]Io]c, aucl adjaccllt rep, ions of Ilip,l)cr OZOIIC,  are c]carly SCCII.  ‘J’IIc water  va])or  dtita
c o u l d  ]Iavr? Lv.’cll LISCd for t]lC  lleigllt ficlcl, c.lcarly  dclllollstratillp; auy  corrclatic)us.  Slidcrl also sct,s tllc ])rcssurc s l i c e
of Ll]is disl)lay, slid t)llc IIcigl}tl  scale is dct,crl]lillccl  })y tllc rotary di81 o]t tllc left side of tllc w i n d o w .  l’a]l-y,ooril  a]ld
?-Axis ]{otator co)ltrols lillkccl to Glol)cl allow it to  be iuteractiwly ])cwitiollcd  a s  d e s i r e d .

‘1’lle (;olt]l)illc toc)l a l lows ~nathmliatical ~llaui])ulatio~ls  to lIC ])crfor]ucd otl slices of data, A calcula tor  ca l led  frolli
(;ollll)illc  via a llLlttOll c.olltai  Ils tllc staltclarcl IIlathc]natica] fullctious, al)d  a l l o w s  tllc il)l)ut  c)f COIISLaIIt,S a s  WC]] a.s

s]iccs. ‘JIIc user cau  colnl~il]e  u~j t o  tllrcc s l i c e s  o f  data, fmu t.]le sa)ue s e t  o r  luixcd SCLS, it) ally luat)icltlatica]
cx])rcssicnl  clcxircd.  III l’ip;urc  ? ,  Lllcsc s l i c e s  ]iavc  l~ccl] Sclcctcd  I)y lillliillf, ill IJillcl’lo(, wit]) tl]c  r e d ,  grccu, aud
I,luc sliders sct,til)g  tl)c Icvcls  h I)c 21.54, 14,68,  aud 1() III]). ‘1’llc  calculak)r has sill IIrIIcd lI}CSC  tl}rce  s]iccs, and tlIc
rcsu]til)~ s l i c e  a]ld  llistogralu of  tlIe data cJisLri])utioll  a r c  clis[)]aycd  ill Collll)illc]

A] IIou J)g tllc tools ill ‘J’ab]c 1, tJvo wl~ic.li dcscrw s])cc,ial colnlllct[t  facilit,at,c.  t,]lc, crcat,i{,li of al)illlatiolls for illll  Iicdiat,c
djS])]ay  olI  t]lc Scrccli  or  sulmcqLlcl  It, rCCOrdjllg  011 Vid CO CII- fi]lu. ~)llc allil[iator iS fra~tlc t)ascd, \\,jL]l t,]}c u s e r  SC] C! Ctj U/;

S~fIrtjllg al!d Clldillg  Cont ro l  Va]Llcs,  alId  t]lc llulnbcr Of frall]cs des i red  ill t,]lc arlilllatioll. ‘J’]IC ot]lcr alli[[iator is lirllc
])a.’+cc]. ‘J’]Ic usm’ sets ally IIulllbcr of c.ont,ro] ],osit,iolls,  cac.]1 with a s s o c i a t e d  kcy  ti)ncs g;ra~)]lic,a]]y sc]cc,Lcd ])y lnovi]lg
tltc lIN]CJS 0]1 a clock. ‘J’l)c Ani~nator  t)ic]l  iljtcr]m]atcs bctwccul  t]lcxc  s e t  ])ositious Lo casi]y Il[akc  aIiil[latiolls w i t h
great flcxil)ility  ill tl]c control, ‘]’]lc dti~ircd  fra~l”lc rate is sc]c!ctcd floll]  t]lC allilllatOr  lllCllU. ‘1’1 Lcsc illc,fudc LIIOSC  for
fil]n, v i d e o ,  allcl a sc.rcc]l dis])lay l]lc)clc wllicll  IIlakcs tllc allil[latio]l  ill real tilnc.
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A  ]iiajor illl]~cdal]cc  h the  usc  of a]ly  visual int,ioll too]  is tlic d i f f i c u l t y  USCIS Ilavc  ill iul)uttiflg Lllcir data. lJcvcl-
01, II ICII(S of ],illk\4Til~ds a]id  ha!, alluh w i l l  colltil)~lc  tc) Inalic t)lis ]~roccss as seatl)]css at)d  autc)l])atic aS ])ossil)lc.  A
lclalul i s s u e  i s  tllc tyIlcs of  data addl-csscd  by I,illk\4’illds. Avail  al)le  tools for visual data analysis alc F,c]jcrtilly
coltfil)((l  (o ]cl:itivcly wel l - l )c l Iavcd at~d lcctall~,ularly p,] iddcd dat a sets. IZillklffil)ds’  filst vc]ltrltc froln  tlIc CO III II IOII

11101(1 W:IS itik tlIc  lcallll o f  Ical-ti]l]c data} crcatiltp, a ca}]al~ility  to ill:,cs( SUCII  d a t a  aIId l)uildin~,  illicractivc a])]) li-
cati(]lls for Il]ollitorillg,  aIId analyzing it. ‘J’lltlc arc otllcl IIlajol” l)cp,lcctcd  c a t e g o r i e s  o f  d a t a  tl)~t alc qui te  CO]I1]IIOI1
ill scicll(i(ic Icsca]c]], and l)ad]y  ill tlccd o f  tools to sul)l)(~tt  {,]lcir csl~loratiol) aIId analysis Scvcrfil  ])IOI)lCIII a r e a s  to
I)r a(ldl<ssc(l  ill tllc futr]rc f i r e  ( 1 )  data s(ts i]) \vl]icll tlIcIc atc si~,llificallt  so(lrccs c)f c]]()[ , ritltrl statistical alId,/or

syst, cltla[,  ic; (2) data sets w’l)icll arc ullp, ridded Salt) ]jlcs,  citllcr Sl)alsc OJ ]Iu]ilcmus, fro][l \vliicl] lIIC user  d e s i r e s  to

construct griddcd  datfi sets c]vcr cxtclldcd rep, ions;  a]](l (:{) dis]~ara{c sirctl d a t a  SCLS  froill a valict~!  of i]ls(rull]clll,s

wllicll  l~~ust I)c war])ml  and/or cc)- lc:;istcrcd f o r  ovcr]ay or col]l])fil  isoll

III tlIc  fu ture ,  wc illtclld  to ])ursuc tl)c dcvclo])IIIclIt of a users’ a]l])licatio]ls gmlcrator for l,illli  Witlds. (I~lrrclltly,  lIIC
layout,  (,f tllc o[)jcck, c)r widgets, ill all of tllc wil]dows is detcr]l~il~cd  I)y a t e x t  fIlc. ‘J’}Ic  U S C  I  CaII rc-mlifir,(lrc tlIcse
uil}dows  citllcr I)y cdi{it]~  t h i s  f i l e  c~r il]tcracti~~cly  froln a lllcll[l-sclcc(al)lc  “rcdcsip,ll” ll]odr. \l’c illtctld t o  QXIJaIId
this (cm] Iiil a]~]~roac]l to furt]]cr allc)w u s e r s  to t}lrc)w !vidgcts away, o r  add llCW I$,i<l:,cts flolll a ]>lovidcd  c a t a l o g ,

11] colljullctio]l  with tllc widget IIlovcs,  l)illlill’illds will gcllcra(c a (~ code source II Iodulc to lIIakc  tlIc  widgets work.
‘J’llis c()(Ic wi l l  I,c sllital)]c for usc  as a tctl]l, ]atc fc~r- tliv  dcvclo])l]]c]lt  of a fll]l aI)ll]icatioll. A s  cx[)crictlcc is p,ai~cd
w i t h  t}lis a])]) roac]l, alId  a ])lalll  Icd collvcrsioll of tl]c code  to ~-l -1 is accoln]llisllcd,  Ivc ant. ici I)atc that tlic rctldcrill~
and (lis]~lay ])]occsscs will  a l s o  ICI ICI tl)clllsclvcs  tc) a lilllitcd catalor, of ])rwccsscs  sclcctal)lc I)y tl]c  uscl-.

A w a r e  (Iiat tl~c c,lily way  to CICVCIO]>  useful  tools is ill colljullctiol)  wiill rcscarc]l o]i llteal[itlF;ful  ])rol)lcll)s,  ot]r  ])ol Icy

IIas t)ccll to c]lcouragc  users allcl ]Jotcntial u s e r s  to colltaet us co]lccrliillg IJilllilt}i]tds’  clIaIIgcs  a]ld  lIrcds. M’c liavc

rcs]~o]lclcd alId  wi l l  co]llilluc to dcI so to LIIC litl]it of cJ\Ir rcsourccs. I)ilIliWi\~ds  is currcllt]y ill usc  at  l)lorc  t)lall tell
il)stitu{iolls,  t~cillg a]l])licd  tc~ ]~roblcllls  it] l)ot]l  rc]notc-scllscd and f i e l d  g e o l o g y ,  atrl~os])llcric  ])llysics  and  Cl]mllistry,
lt]ctcorology,  c)ccallogra])lly,  cllclllical  slJcc.trosco])y , sl)ac.c ]IlasII~as,  gculctics  and c e l l u l a r  l)iolc]gy. As it, cvo]~,cs ~YC
cx])cct to illtcract lvit,ll a wider distribution ofsciclltists c]}gagccl ill rcscmrcl] sl)allnin:; additiolial scic]it,ific  disci~)li]~cs,

Ack710vI/cd9?I)  e?1fs. III adc]ition L o  t]lc aut]]ors, t]ic currcnlt ],illk\fTi]lds  dcvc]o]~ltlc]lt  tca]ll ~llctrll,crs  irlcludc hlfirtill
ortc,tl and Mark l{,ul)ili at J ]  ’ l ,  allcl l’llili]) Nfcrcuric)  aIId JaIncs Mcl,cc)d  at tllc Sa~l l)icgo S~l],crcc~lltl)~tter (;cllt,cr,
Alullllli W]IC, ]nadc ill~]~c~rta~it  col~tri]~uliolls  arc ]{ria~l ]bxklllall, ],CO ]I]ut]]c,  ]Ic,nllic  llc)yd al]d  Mitc]l  \\Tadc,  ],CC I+}]SOII
]~rovidcd  u s e f u l  discrlssiolls 011 u])l]cr  atlllos~)lic.ric.  scicvlce. Al,]{  ackllc)wlcxlgcs  su])J)ort  frol[l  tltc F!atiollal ]tcscarcl)
(;oullc. i]. I\)C CX(CIId  our t]ta]llis t o  Joc IIrcdckalllp and his staff at N A S A ,  wliosc sl)c)l]sc)rsl)il) ]Ita!ics  tl]is \\,{]]li

]Iossil)lc.  ‘J’IIC rcscarc]l dcscribcd  ill t]lis I)ul)]ic.at,ion  w a s  c a r r i e d  out hy tllc Jcl,  l)ro])ulsic~ll  l,til)c)ratory, (;aliforllia
liistitutc of ‘J’ccl]llology,  ullclcr  a contract wil]l tllc National  Aeronaut ics  al]d  S~,acc Aclll)illistraiic))i,

ltl’:l’’I’:lLI’: Ncl’;s

IIaltdlcy,  ‘J’.ll.  J r . ,  and Ilf.lt,.  ILul}ill, l)a(allul~: lllLclligc]lt distril)utcd scicllcc data lilanaF,clllrl,t  to sul)l,ort  illtcractivc
cx]~loratory aljalysis, it) hllt])utitlg ill Actrcm])acc 9 (i]) ])rcss), A I A  A ,  \4’asllillgtotl,  1). (;., 1993,

JacobsoII,  A. S., al]d A. I,. Itcrliill, l,i)lk\f?illds, a systc~ll  for illtcractivc scic)lt,ific  data alla]Ysis  :11](1 ~islla]izatic)ll, ill
IIigll  l’crfc)rll]a~lc.c  fhlll~)utillg 1993,  editccl  l~y A.  ‘1’clltrlcr,  ])]), 214-219,  ‘J’IIC S o c i e t y  fc,r (;c)]ll],~ltcr  Sill)u]atioll,  S:(])
IJic:,o}  (;A, l“{j93.

ILcttig,  M . ,  Nobocly  rcacls  doculnm]tation,  ~A(;h~ 34,  1%24,  1091.

\Yatcrs, J .  W. ,  1 , .  IJrc)iclcvaux, W,(; , ILcad,  G,] , .  Matlrtcy, 1,,S. l)Isc)]I, 1).A.  l’lcnvcr,  ]{.1’. JarImt, and 1{.S. IIarwocd,
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I’rovidcs  time bawd allirnat,iolls o f  aIIy a])l)]icatioll wit)) an arl)itrary
Illllll)el  of !icy flil]llcs,  \\,illl a valic(y of flall)[’  Iatcs
I)rovidesfrtil!lc hascd allililati[,)lsc,fally a])]~licilti<lll, with
:)]tly t,lle start and  sic)]) colit, rol val~]cs Ilcillr,  srl

IIltcractivc  data set  ]jalcttc II):l))il)lll;itioll  ;illc)i!illp,cc)lor  Cxlitillp,,
data  rallp,cs l)citl~ral[l])cd  ill color, or s~ll)sli[(ltioll of ])r(-dcfillcd  ])alcttcs

l)isI)l:iy/(;olllr<)l
(I]I  totlllccsl  iccsc)fcl fita arcco)lll)i]lcd ~lsillp,sl~lll(l:ir(l
lliatl)clllaLical fu])ctio))s  c]ltcrcd ill aII cIIIl)cd(lcd calc IIlatol

‘1’llcfultctiollal l)c]laviorofcac]l  I)oil)t  ill a dahsct iscollll)ared wil,ll a
rcfcrcllcc l)oirlt using a variety of lnatllclnatical functions
AI1oM%  the user tc) itltcractivcly save l)c)rtiol]s  of tllc dis]~laycd  data into 111~1’
]’lots tile values  aloll~, a straigll( lirlcgoitl:, col  II] Ilc[cly  tllrouF,ll  n data  set
}larallc.1 to ally axis, a]}d also fullctiolls as fislidcr LO SCICCL t!ircc s l i c e s
l)is])laystllc distril)utioll ofvalucs ill tlIc 256 data cl IaIIIIcls  f o r  ul)
k) tllrcc slit.cs, and I)rc)vidcs  filtcril}p,alld COIOI strctcllitlp,
l)is])lays asillp,lc  slice c) fclata or a colil])ositc l{GI1 il)laF,coftllrcc
s l i c e s  wit]i  c]nl)cddcd cross]  lair, l)oo)ldi]lg  l~ox, and lillc controls

l)is])lay
]kndcrs all illlagcill ])crs})cctivc  r e l i e f ,  \vi(l) al) o])tiollal accoln])allyillg
]Icigl)t  fic]d,  ofcit]lcr asillglcsliccc)r I{GI1 t.llrcc slice cc)r)l])ositc
ltcllclcrs all illla~coll  a glol)c, with all ol)tional  accollll)allyillg
hcig]lt  fic]c], ofcithcr a sillg}cs]iccor I{GII  (.llrcc s]icc  colllj)ositc
IJisl)lays”irj”; tl)rcc clilncllsio]lal rcl)dcring all (IIC I)c)ints
iu a data set bctwcc.11 two valws
ljisl)lays the data “values al~IIg  a lillc  drawn 011 tllc

llIIagc, ~o)nl)illc, or (;orlll)arc tools
At every Iocatioll ill a slice, ])lots  t,l Ic valow of OJIC
d a t a  SCL a:ailwt t]Ic ot]]cr to SIIC)IT  tllc corIc]atioJl
At every location ill a slice, ])lots  tlIc  va]ucs of tllrcc
d a t a  SCLS it) tllrcc ditllc]lsiolls  tc) slIo\v tllcir corrcla(ioll

G i v e s  Ilull}cric.a] itlfcm]llatioll  a})out  tllc data ill ]IIIagc,  (;olll])it)e, c)r hln])zirc
hot]]  at a l)oillt slid averaged over a I)oulldillg I)ox

l{cal-tilnc
A stri])-clla;t rcc.order disi)layil”~;  data as citllcl color c)r lillc ])lots
a s  afullctioa of ClIaIIIICl Iltlllll)crlrcrtica!ly  and til}lc  l)orizolltally

l)lc)ls  data value versus cl)allncl )Iu])ll)cr,  u])da(illg ill real tilllc
wit]l  o])tio]ls  c)f sfivillg  a sl)cctrum aIId avcra F,il)g in tilllc
]“ullc.tiolis  IIIUC]I ]ikc Strcaln]’]ot, I)ut, wi(]) t]Ir data rclldct-cd
i]) relief usins  tllc alai, a values for IIcip)llt.  al)d  color
l’rovidcs  tillliag illforlnatiol) for tlIc  currcljt data, givil}~,
elate, day of year, til[)c of day, al]d  i))tcrllal sl)ac.cc.raft  ti]llc

controls tllc rallgc of c.l)allnc]s  to I)c viewed, tillo};ting
c.onc.clltratiol]  011 fcai, urcs of illtcrcst—

~hblc 1 .  Oifwnf ,$’uilf of l,iakli~inds  Al,l,licoiiol).<
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Figutw 1. I,inkWinds session io czploiw upper aftnospheric  ozone and
water vapor  ntcasurcd  by the Microwave Limb .~ounder  aboard (JA 1(,$’



l“iguw  2. Emmining oihcr  features  oj uppet  attttos~,}ten’c
ozone measured by ihc hfictou)auc l,iwb ,qout~dcl  aboatd  [IA }{,f’


